Background: It is suggested that bromocriptine could be effective in treatment of prediabetic patients and, consequently, in preventing type 2 diabetes (T2DM). In this study, we investigated the effectiveness of bromocriptine on glycemic and metabolic control of prediabetic patients. Materials and Methods: In this double-blind, placebo controlled trial study, prediabetic patients diagnosed during Isfahan Diabetes Prevention Project (IDPP) were enrolled. They randomized in two bromocriptine (2.5 mg) and placebo-treated groups, for 12 weeks. After physical examination, fasting plasma glucose (FPG), HbA1c, Insulin, cholesterol, HDL-c, and triglyceride were measured and glucose tolerance test (OGTT) was performed. HOMA-IR and LDL-c were calculated. The mean of the data were compared in the bromocriptine and placebo treated groups, before and after intervention by intention to treat analysis using mixed effect model. P values < 0.05 were considered, statistically, significant. Results: In this study, 53 prediabetic patients (27 in the bromocriptine group and 26 in the placebo group) were treated. There were no differences between data of two groups at baseline (P > 0.05). The mean body mass index, systolic blood pressure, fasting plasma glucose and glucose of 30 min, 60 min, 120 min of post OGTT, HbA1c, insulin, HOMA-IR, lipid profile did not change, significantly, in both bromocriptine and placebo-treated groups after 12 weeks (P > 0.05). However, diastolic blood pressure (P = 0.02) and the area under the curve of glucose (P = 0.045) were decreased in the bromocriptine-treated group. Conclusion: Bromocriptine did not have significant effect on glycemic control of prediabetic patients. Further studies, with bigger sample size are recommended.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a growing global pandemic and it is estimated to be one of the ten leading causes of death worldwide by 2030. [1] Considering the burden of T2DM and its related morbidity and mortality, the concept of its prevention through identifying at-risk population, prediabetics, prior to diagnosis had been developed widely.
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Prediabetes, an intermediate form of dysglycemia, is a high-risk condition for diabetes. Individuals with impaired fasting glucose (IFG) or impaired glucose tolerance (IGT) according to the WHO criteria classified as prediabetic patients. It is characterized by both β-cell dysfunction and insulin resistance. [2, 3] Epidemiological studies estimated that approximately 1 in 7 adults in the North America, Europe and Asia are prediabetic. [4] [5] [6] [7] According to the International Diabetes Federation, the prevalence of prediabetes is increasing and it is estimated that it would be projected to more than 470 million by 2030. [8] The above mentioned epidemiological feature emphasizes on the importance of targeted diabetes prevention programs. Several studies indicated the potential benefits of lifestyle modification and pharmacotherapy in preventing T2DM among prediabetic patients. Moreover, others suggest that proper management of prediabetic population also could reduce the risk of CVD and its related morbidity and mortality. [9, 10] Lifestyle modification considers the cornerstone of diabetes prevention and its beneficial effect on improving insulin sensitivity and β-cell function and consequently diabetes prevention has been confirmed in several studies. [11] Though several pharmacological interventions confirm the effectiveness of some agents in reducing the incidence of T2DM in prediabetics but some studies have not approved the use of pharmacotherapy in this field. [12] Recent studies reported that centrally acting antidiabetic agents such as bromocriptine could reduce plasma glucose, free fatty acid (FFA) and triglycerides levels through their novel mechanism of action. It is suggested that bromocriptines have modulatory effect on central glucose and energy metabolism pathways. [13, 14] Bromocriptine is a sympatholytic D2-dopamine agonist. Its pharmacological activity is due to activation and inhibition of CNS D2 and D1 receptors, respectively. It has also inhibitory and partial agonist effect on 5-HT2A and 5-HT2B receptors, respectively. [15, 16] Though, the effectiveness of bromocriptine on glycemic control of type 2 diabetic patients have reported in many clinical trials and its use among patients with T2DM have been approved by the United States Food and Drug Administration (FDA) but its mechanism of action have not identified yet. [17] [18] [19] Considering the pathogenesis of T2DM, it is suggested that bromocriptine could have similar effect on prediabetic patients and consequently in preventing T2DM. The utility of bromocriptine in this high risk population have not been studied.
In this study, we investigated the effectiveness of bromocriptine on glycemic and metabolic control of prediabetic patients. However, the results of current research would be helpful in improving the burden of T2DM in our community.
MATERIALS AND METHODS
In this double-blind, placebo controlled trial study, prediabetic patients, aged 40-70 years, diagnosed during Isfahan Diabetes Prevention Project (IDPP) were enrolled. They selected by consecutive sampling method.
IDPP started in Isfahan Endocrine and Metabolism Research Center, since 2004. According to the protocol of the project, the first degree relatives (FDR) of type 2 diabetic patients including their siblings and offspring screened for T2DM using OGTT test. According to the criteria of ADA, those with impaired glucose tolerance test (IGT) or impaired fasting glucose (IFG) considered as prediabetic patients. [20] The protocol of study was designed and approved by the Institutional Review Board of Isfahan Endocrine and Metabolism Research Center and Regional Bioethics Committee of Isfahan University of Medical Sciences (Research project number: 389113).
Informed consent was obtained from all selected patients.
Patients with T2DM and type 1 diabetes were not enrolled. Prediabetic patients with renal failure, those who were on treatment with oral anti-diabetic agents, weight reduction drugs, patients with pituitary adenoma, hyperprolactinemia, hypothyroid patients and those with history of psychological disorder and anti psychotic medication use were excluded from the study.
T h e s e l e c t e d p a t i e n t s r a n d o m i z e d i n t w o intervention (n = 28) and placebo (n = 27) groups. In each group after OGTT, one of the patients had 120 min post OGTT more than 200 mg/dl. Therefore, these two patients were excluded from the analysis and 27 patients in the bromocriptine-treated group and 26 patients in the placebo-treated group were, finally, analyzed.
Consort diagram of the study is presented in Figure 1 .
Bromocriptine was initiated with half of a bromocriptine 2.5 mg tablet (1.25 mg) and the dose titrated up to 2.5 mg per day during the first week of trial. The medication was prescribed before sleeping to reduce the probable orthostatic hypotension. The medication was continued for 12 weeks. B r o m o c r i p t i n e s u p p l i e d b y I r a n H o r m o n e Pharmaceutical Company (Tehran-Iran) and placebo supplied by the same company.
The patients were clinically examined (Kh.SH). Baseline characteristics of patients recorded using questionnaire.
Physical examination
Height and weight were measured in their light clothing and bare foot using Seca scale by a trained nurse. Body mass index (BMI) was calculated as weight divided by square of height (kg/m 2 ).
Blood pressure was measured by a physician on the right arm in the seated position twice after at least 15 minutes of rest with 10 minutes interval between two measurements. The manometer was placed at the heart level.
Laboratory measurements
After an 8 hour of overnight fasting, blood samples were taken for measuring FPG, HbA1c, Insulin, cholesterol, HDL-c, and triglyceride and a standard OGTT was performed and plasma glucose was measured before and 30, 60 and 90 min after taking of 75g glucose, orally (15) . Participants with IGT (a 2-h plasma glucose between 140 and 200 mg/dl after a 75-g oral glucose tolerance test) and IFG (fasting plasma glucose of 100 to 126 mg/dl) considered as prediabetic patients based on ADA criteria. [18] Homeostasis model assessment of insulin resistance (HOMA-IR), as an index of insulin resistance, was calculated as the product of FPG (mmol/l) and insulin (μIU/ml) divided by 22.5.
LDL-c was calculated as far as TG was less than 400 mg/dl by Friedewald formula.
Results of these measurements compared in intervention and placebo groups, before and after intervention.
Plasma glucose and plasma lipids (total cholesterol, HDL cholesterol, Triglyceride) measured by enzymatic colorimetric techniques using auto analyzer (Liasys, Italy).
H b A 1 c m e a s u r e d b y c h r o m a t o g r a p h i cspectrophotometric method (BioSystems SA-Spain).
Insulin measured by Immunoradiometric assay method (Diosource Europe S.A-Belgium).
Statistical analysis
Statistical analysis was performed using SPSS version 18 (SPSS Inc., Chicago, IL, USA). The normal distribution of data was assessed by Kolmogorov-Smirnov test. All the data had normal distribution. They were presented as the mean ± SD. The comparison of quantitative data between the bromocriptine-treated and placebo-treated groups was done with the independent T test. The comparison of such data before and after intervention, in each group (bromocriptine or placebo-treated) was done by intention to treat analysis using mixed effect model (within group).The comparison of sex between groups was done using the Chi-square test. P values < 0.05 were considered, statistically, significant.
RESULTS
In this study 53 prediabetic patients (27 in bromocriptine group and 26 in placebo group) were studied. According to the results of OGTT test the distribution of IFG and IGT in bromocriptine and placebo groups were as follows; In the bromocriptine group, 20 (74.1%), 5 (18.5%) and 2 (7.4%) were classified as IFG, IGT and IFG and IGT, respectively. In the placebo group, 17 (65.4%), 8 (30.8%) and 1 (3.8%) were classified as IFG, IGT and IFG and IGT, respectively.
Basal characteristics of studied population in two studied groups are presented in Table 1 .
The mean ± SD of data in bromocriptine and placebo treated prediabetic patients before and after intervention are presented in Table 2 .
There was no statistically, significant difference in BMI, fasting plasma glucose, 30, 60, 120 min post OGTT, HbA1c, Insulin, HOMA-IR, area under the curve of glucose, lipid profile and systolic and blood pressure between bromocriptine and placebo-treated groups (P > 0.05). Diastolic blood pressure (P = 0.02) and the area under the curve of glucose (P = 0.045) were decreased in the bromocriptine-treated group. Mean differences between two studied groups were significant only for AUC (P = 0.04) and cholesterol (P = 0.05).
DISCUSSION
In this trial we evaluated the effectiveness of bromocriptine on glycemic and metabolic control of prediabetic patients. Our results indicated that, bromocriptine had no significant effect on glycemic control of prediabetic patients and also their insulin resistance index, HOMA-IR.
Bromocriptine considered as one of the novel antidiabetic agents with its effectiveness for both glycemic and metabolic control of patients with T2DM has been reported in several studies. [17, 18] It is reported that in T2DM, bromocriptine reduces HbA1c level by 0.4-0.7%. [21] Some pharmacological advantages of bromocriptine, such as lower side effects, safety, tolerability and good adherence to treatment, have made it as one of the favorable antidiabetic agents. [22] According to the report of FDA in 2009, bromocriptine could be used in the treatment of T2DM as an adjunct to diet and exercise to obtain more appropriate glycemic control. [19] Before that time Aminorroaya, et al., in Iran, had investigated the effect of bromocriptine on glycemic control among obese type 2 diabetic patients in 2004. They showed that bromocriptine improved glycemic control in obese type-2 diabetic patients. [23] Ramteke et al., in India, have evaluated both monotherapy and combination therapy of bromocriptine with metformin in three groups of patients with T2DM for 12 weeks and they observed that all the studied treatment strategies were effective and safe for achieving optimal glycemic control. [24] Via et al., in the USA, have reviewed different studies regarding the effectiveness of bromocriptine in glycemic control of T2DM and they concluded that its efficacy is more significant if it can be used early in the course of the disease and preferably with other antidiabetic agents. [14] Considering the fact that proper management of prediabetic patients as the target group which are at higher risk for developing T2DM is crucial for prevention of T2DM and the superiority of bromocriptine than other antidiabetic agents this study was designed among this group of patients in Isfahan.
The results of current study indicated that bromocriptine was not effective for reducing FPG, HbA1c and other glycemic factors, but area under the cure of glucose during OGTT [ Table 2 ]. However, the decrease in the area under the cure of glucose is just marginally significant (P = 0.045). It is recommended to do a study with bigger sample size and with higher dosage of bromocriptine to show a probably more effect on glycemic factors in prediabetic patients. In literature review, there was not any similar study in this regard. At our best knowledge, this is the first study, which has been conducted to investigate the effect of bromocriptine in prediabetic patients.
Although many studies have confirmed the effectiveness of monotherapy of bromocriptine on glycemic control on T2DM, but it seems that its conjunction with lifestyle modification including diet, exercise and other anti diabetic agents would be more useful as mentioned in previous studies. [14, 19, 24] Another explanation is based on the pathophysiology of prediabetes. Our study populations are the patients with IFG and or IGT which are classified as prediabetics. However, the response of patients with IFG and IGT to bromocriptine was not similar to overt diabetes.
IFG and IGT are associated, predominantly, with hepatic insulin and muscle insulin resistance, respectively. Those with IFG and IGT have both muscle and hepatic insulin resistance. The risk of diabetes development is higher in patients with both IFG and IGT. [25, 26] On the other hand, DeFronzo et al. have reported that bromocriptine could not increase insulin sensitivity or augment its secretion in peripheral tissue, that is, in muscles. Moreover, they indicated that it could not enhance insulin action in the physiologic range of hyperinsulinemia. [27] Though above mentioned mechanisms of bromocriptine needs further clarification, it seems that in prediabetic patients the severity of hyperinsulinemia is not much higher than the physiologic range.
We analyzed the data of our patients with IFG or IGT or those with IFG and IGT, separately (data were not shown). However, the findings were not conclusive. Probably, the sample size was small.
The period of our study was 12 weeks; it seems that longer duration of trial would provide us more concise results. The durations of trial in many studies which have reported the favorable effect of bromocriptine on glycemic control were longer. [28, 29] There are controversies regarding the effectiveness of bromocriptine on cardiovascular risk factors and its effectiveness in this field have not confirmed, yet. [30] Garber and colleagues in Houston have reported that bromocriptine effect on CVD risk factors is more favorable in T2DM with history of CVD disease or those with significant CVD risk factors. [30] Gaziano et al. conducted two studies regarding the safety and efficacy of bromocriptine on major adverse cardiovascular events among patients with T2DM. They showed a 52% and 42% reduction in the relative risk of major adverse cardiovascular events in the two studies. [31, 32] In this study, it had a significant effect on diastolic blood pressure and not lipid profile [ Table 2 ]. It seems that its usefulness on other CVD risk factors would be observed by continuing the period of study, increasing 
CONCLUSION
In this study which designed as a primary trial to investigate the therapeutic effect of bromocriptine on glycemic and metabolic factors of prediabetic patients, we found no significant effect on glycemic control, insulin resistance index and lipid profile, butdiastolic blood pressure and area under the cure of glucose during OGTT. However, a decrease in mean of diastolic blood pressure may show its beneficial effect on cardiovascular risk factors.
Future study with bigger sample size and longer duration of trial is suggested to achieve more conclusive results.
